In an earlier paper in these PROCEEDINGS' I reported on the fertility of interspecific Taricha hybrids and the viability of their offspring, in backcross and F2 series produced by artificial fertilization. To avoid the hazards attending use of the latter method, and thus to obtain a more reliable measure of the genetic compatibility of the parent species, we have since extended our observations to second generation offspring obtained by natural matings and spawnings of the F1 hybrids.
In an earlier paper in these PROCEEDINGS' I reported on the fertility of interspecific Taricha hybrids and the viability of their offspring, in backcross and F2 series produced by artificial fertilization. To avoid the hazards attending use of the latter method, and thus to obtain a more reliable measure of the genetic compatibility of the parent species, we have since extended our observations to second generation offspring obtained by natural matings and spawnings of the F1 hybrids.
As before, the hybrids used were rivularis X torosa torosa and rivularis X t. sierrae adults that had grown to maturity in nature after being released as young larvae in a selected stream at our field station in Sonoma County, California.2' Of the two parental species, rivularis is native to the region, while the subspecies of torosa occur in other parts of the state. The planting of hybrid larvae was begun in 1953, and the first adult was recovered in the stream in 1959. Since that time the recaptures have increased steadily (152 adult hybrids in 1963), so that abundant material is now available for continuing tests and observations of the type to be described.
Immediately on capture of the hybrids in the stream during the breeding season, they were confined with adults of the opposite sex, either hybrids or rivularis, in wire-mesh "mating pens" constructed in small tributaries or in spring-fed tanks at the field laboratory. In some cases the females were later implanted with pituitary gland to speed ovulation, but successful spawning is not dependent on this measure.
The isolation of hybrid females with hybrid males does not ensure that the resulting offspring will be of hybrid paternity. In fact, some of the hybrid females proved to have been inseminated by native rivularis males before collection from the stream. This is clearly discernible through phenotypic differences emerging in early larval stages between backcross and F2 series, as established by the earlier controlled (artificial) fertilizations. Likewise, in attempted backcross combinations, eggs laid by rivularis females isolated with hybrid males often prove to be of rivularis paternity.
Accordingly, since each mating pen usually housed several females, it was necessary to isolate all egg clusters in individual containers so that at hatching their paternity could be ascertained before pooling the offspring in larger groups for observation and rearing. Rivularis and torosa larvae differ strikingly in their patterns of pigmentation, and the spectra of patterns differentiating backeross and F2 offspring of hybrid females are so distinctive' that there is seldom, if ever, any question about the paternity even of a sample as small as that in a single egg cluster (average number of eggs per cluster laid by rivularis-t. torosa females was 14, and by rivularis-t. sierrae females, 11). But, by the same token, if a mixture of pigment patterns, some identifiable as of backcross and others as of F2 constitution, are found in a single cluster, then one can be confident that the female depositing the cluster had been inseminated both by a rivularis and by a hybrid male, And in the course of segregating clusters for use in testing the viability of various backcross and F2 combinations I encountered unquestionable instances of this mixed paternity. An example is seen in Figure 1 , showing two larvae from a cluster of 18 eggs. One of them (a) is virtually indistinguishable from a normal t. torosa larva, and g~~~~~. More than passing reference is accorded these observations on the paternity of hybrid offspring because they emphasize the freedom with which interbreeding, and consequent gene passage across species barriers, may occur in the mixed population we are attempting to establish in the study area by our hybrid planting program. An even more unusual example is that of a rivularis-t. torosa female hybrid whose offspring proved that she had been inseminated by a rivularis-t. sierrae male clasping her at the time she was discovered in the stream. (This case was mentioned provisionally in the earlier account, ' but the paternity was not completely confirmed until later, by unmistakable characters emerging in the offspring after metamorphosis.)
Fertility of F1 Hybrids.-The series described in the earlier account, although clearly establishing hybrid fertility, nevertheless showed a variable and sometimes substantial incidence of early developmental failures. For example, of 374 eggs taken from four rivularis-t. torosa females, only 157, or 42%, survived to the hatching stage. As predicted at the time, however, subsequent results with natural spawnings confirm that at least the great majority of the failures were attributable, not to genetic defects, but to hazards or trauma associated with the procedures of artificial fertilization,
The tests using the latter method were made during the breeding season of 1961, and those with natural matings in the two succeeding seasons. The 1962 series were reared throughout larval life in mass cultures, whereas in 1963 substantial samples from each series were isolated at hatching for more intensive and careful attention than can be accorded series of massive size. Because of this refinement, as well as the close over-all similarity of the two seasons' results, it is deemed permissible to simplify the presentation by confining it to the 1963 series. Inspection of the data for the second generation series, and comparison with those for normal rivularis, show that very little, if any, loss of fertility results from hybridization of rivularis and torosa. The success of development is uniformly high. It is doubtful that the minor differences between the hybrid series are of any genetic significance, and it is probably also fortuitous that the percentage of failures in the rivularis control series is actually slightly higher than in the second generation combinations. Whether from handling, fungus infections, or unknown causes, there is almost always some mortality in any culture of amphibian eggs, and its incidence varies appreciably and unpredictably even among apparently identical samples of material.
Survival from Hatching through Metamorphosis.-To facilitate optimal care and feeding during the larval period, the series (except for rivularis 9 X rivularis-t.
torosa ci", already of amenable size) were reduced in size following hatching by the selection at random of 100 members of each combination. In addition to the normal rivularis series, 72 members of an artificially fertilized series of t. torosa 9 X rivularis 6 F1 hybrids were reared simultaneously as a further control for the second generation series; these were not included in the comparisons of fertility because no record was kept of developmental failures prior to hatching.
All series were reared in Pyrex baking dishes (8 X 8 X 2 inches), 20 per dish for the first few weeks and 10 per dish as they became larger. They were fed larval Artemia until they reached about 20-25 mm in length, and adult Artemia there-after. Feedings were daily until the approach or onset of metamorphosis, and on alternate days subsequently. m oro0
As will be seen in Table 2 6) , could conceivably have selecv *C tive consequences in nature, since the arid summer to > conditions in California might favor individuals in which emergence on land is postponed until approach of the autumn rains. Undue prolongation of larval life would, on the other hand, expose the larvae to the hazards of the winter floods.
Comparisons of the series were terminated at 246 days, since there had been only one mortality in the preceding 111 days, and the few remaining unmetamorphosed larvae were all apparently on the verge of successful transformation.
Discussion. The present study shows clearly that the developmental failures encountered in earlier tests' of the fertility of Taricha species-hybrids were almost entirely attributable, not to genetic defects of the gametes, but to hazards associated with the use of artificial fertilization. Natural matings reveal little, if any, reduction in fertility of the hybrids, and the viability of their offspring also remains high.
Since the parental species (rivularis and the two subspecies of torosa) are allopatric, one cannot predict what the consequences of their apparent genetic compatibility would be if they had mating access to one another in nature. Ethological isolating mechanisms may also exist, as they do between sympatric members of the genus, although there is some evidence that this type of reinforcement is less well developed between allopatric forms. (A paper by William Davis and me on courtship and reproductive isolation in Taricha is now in press in Copeia.)
Adult hybrids of the sympatric species rivularis and granulosa are expected to become available soon in our study area, as they reach maturity following release as larvae during the past few years; mating tests can then determine whether they manifest the same high degree of genetic compatibility shown here to characterize allopatric forms. The few artificial fertilizations that we have made with laboratory-reared rivularis-granulosa hybrids show that fertility exists, but do not permit us to gauge its extent accurately.
Hybridization as successful as that between rivularis and torosa is apparently not often encountered in animals. Among newts, the most extensive studies have been made with European Triturus, in which none of the many interspecific and even interracial combinations tested have failed to show considerable evidence of hybrid defects or breakdown, such as meiotic irregularities, spermatid degeneration, and high larval and metamorphic mortality.4-9 Kawamura'0' 11 reports that there is in general a high degree of genetic incompatibility between the species of Japanese Hynobius. He found no such isolation between Triturus pyrrhogaster and T. ensicauda,'2 but points out that these two closely related Japanese forms can be more appropriately regarded as geographic races than as separate species. (The criteria for species distinction may always remain somewhat debatable, but the three principal forms of Taricha are such well-circumscribed biological entities that their stature as separate species can hardly be questioned by any reasonable standards of systematic discrimination.)
The prevailing position concerning the role of hybridization in animal evolution is probably that recently expressed by Mayr,"I who points out that examples of gene transfer from species to species through introgression (hybridization followed by backcrossing) are, after all, relatively rare, and that in any event the genotypes thus produced will usually be imperfectly balanced or cannot preserve themselves long enough to acquire reproductive isolation. I have been aware of these considerations since the beginning of our hybrid planting program, as well as the added practical difficulty of establishing hybrid populations large enough to have any major impact on the native parental populations. The facts remain, however, that the specieshybrids established in our study area have proved to be fertile, do backcross freely and effectively with native rivularis, and produce offspring that appear to be vigorous and viable. One can thus at least say that the prime requisites for infiltration and possible modification of the native gene pool have been met. Whether the potentialities of the situation will actually be realized to a significant extent depends partly on whether the second generation offspring prove to be as viable and "successful" in nature as they are in our laboratory series. The answer to this will unfold slowly; in the meantime, the backcross populations arising from voluntary matings in nature are being augmented by release of series obtained from controlled matings and artificial fertilizations. Whatever the eventual outcome of the hybrid planting program may be, the results presented in this and the earlier paper on hybrid fertility have already demonstrated that speciation has not yet erected impregnable genetic barriers between the forms of Taricha, and accordingly that gene exchange is still open as one of the possible avenues for further evolutionary elaboration in the genus.
Conclusions.-Artificially produced Taricha species-hybrids maturing in nature after release as young larvae mate freely with one another and with members of the native parental population. The high percentages of fertilization and normal development through the critical stage of metamorphosis in all the backcross and F2 combinations tested show that hybridization results in little, if any, loss of fertility or second-generation vigor, and thus that gene transfer through introgression is available as a possible mechanism for further evolutionary differentiation within the genus. * This study has been supported by grants from the National Science Foundation. 1Twitty, V. C., these PROCEEDINGS, 47, 1461 (1961).
